Cell-free extracts of Bacillus megaterium form f3-cyanoalanine (fl-CNA)-14C from Na14CN and L-cysteine, O-acetyl-L-serine or, to a lesser extent, L-serine. However, the presence of cyanide in the growth medium does not increase the capacity of cell extracts to catalyze the formation of ,8-CNA from cysteine and cyanide. The formation of ,B-CNA is readily detected in extracts of cells grown in synthetic media with sulfate or L-djenkolic acid as sulfur sources; such cells also exhibit an increased ability to form cysteine when compared with cells grown on cysteine as the sulfur source. ,B-CNA formation could not be detected in extracts of cells grown on cysteine as the sulfur source. A 40-fold purification of the O-acetylserine sulfhydrylase resulted in the co-purification of the ,-CNA-forming activity.
jl-CNA synthase has not been isolated from bacteria, Dunnill and Fowden (5) obtained cell-free extracts from Escherichia coli which catalyzed ,@-CNA formation from serine and cyanide. The specificity of the 3-carbon precursor was uncertain, as cysteine appeared to have a competitive effect with serine. In addition, extracts of B. megaterium catalyzed the formation of #l-CNA (4) with an apparent preference for serine over cysteine.
It has been suggested (5) that the enzyme that catalyzes cysteine synthesis may also be responsible for jl-CNA formation in extracts of E. coli.
On that point, Hendrickson and Conn (6) have shown that the O-acetylserine (OAS) sulfhydrylase (the enzyme that forms cysteine from OAS and H2S) in lupines can form j3-CNA from OAS and cyanide. The work presented here further examines the formation of ,B-CNA in B. megatenum.
MATERIALS AND METHODS
Organism and media. Cultures of B. megaterium (ATCC 25300) were grown as indicated previously (4) and were harvested at the end of logarithmic growth. Trypticase soy broth (TSB) was obtained from the Baltimore Biological Laboratories. The synthetic basal medium contained: KH2PO4, 1.0 g; Na2HPO4, 1.0 g; MgCl2-6H2O, 0.2 g; NH4CI, 1.0 g; glucose, 10.0 g; distilled water, 1.0 liter; and trace element solution, 1.0 ml. Sterilization was accomplished by autoclaving. In the sulfate medium, MgCl2*6H2O was omitted and MgSO4-7H2O was added in the amount of 0.25 g. In the djenkolic acid medium, L-djenkolic acid (0.25 g in 10 ml of distilled water) was filter-sterilized and added separately. In the cysteine medium, L-cysteine (0.25 g in 10 ml of water) was filter-sterilized and added separately. The trace element solution was: FeCl2 4H2O, 0.1 g; H,BO, 0.1 g; CuCl2, 0.1 g; ZnCI2, 2.0 g; MnCI2.4H2O, 0.1 g; CoCl2, 0.4 g; Ca(NO0)2.4H20, Materials. NaI4CN (4.75 Ci/mole) was purchased from New England Nuclear Corp. OAS and L-djenkolic acid were purchased from the Sigma Chemical Co. All other chemicals were of the highest quality available. DL-Homocysteine was prepared from DL-homocysteine thiolactone by the method of Mudd et al. (9 20 ,000 x g for 10 min, the supernatant fluid was dialyzed against 100 volumes of the above-mentioned buffer for 20 hr.
Radioactive ,B-CNA was identified by its RF as measured in a Vanguard chromatogram strip scanner after chromatography of samples of the reaction mixture on Whatman 3MM filter paper. The solvent systems employed were butanol-acetic acid-water (4: 1:5) and methanol-pyridine-water (40:2: 10). Authentic ,B-CNA, asparagine, and aspartic acid were used as references. The areas of the chromatograms matching the references were cut out and put in scintillation vials with 1.0 ml of distilled water and 10.0 ml of Tritontoluene scintillation fluid consisting of 667 ml of toluene and 333 ml of Triton X-100 that contained 5.0 g of 2,5-diphenyloxazole and 0.2 g of 1,4-bis-2-(5-phenyloxazolyl)benzene. Counting was done with a Packard Tri-Carb scintillation counter with the use of a chemical quench correction curve.
Enzyme assays. The formation of ,-CNA was followed colorimetrically by using the method of Hendrickson and Conn (6) . NaCN was omitted from controls. The formation of cysteine was followed by the method of Becker et al. (1) . Enzyme was omitted from controls. In both cases, one unit of enzyme activity is the amount of enzyme that will form I Amole of product in I min. Protein concentration was measured with the biuret method (8) .
Enzyme purification procedure.
Step 1: Cells (3 liters) grown in TSB medium were harvested, disrupted, and centrifuged to give a volume of 128 ml. The assays of this fraction and the protein obtained in the following step were carried out after desalting the samples to be assayed on a Sephadex G-25 column (1.0 by 10.0 cm) equilibrated in 0.1 M Tris-acetate buffer (pH 8.5).
Step 2: To this volume of 128 ml was added 12.8 ml of a 2% solution of protamine sulfate in distilled water. After 5 min of stirring, the precipitate was centrifuged down and discarded.
Step 3: The supernatant solution was diluted to 9 mg of protein per ml in 0.1 M Tris-acetate buffer (pH 8.5), and solid (NH4)2SO4 was added to 55% saturation. After 10 min of stirring, this material was centrifuged and the pellet was discarded. Solid (NH4)2SO4 was then added to 75% saturation. After 10 min, the suspension was again centrifuged, and the supernatant solution was discarded; the pellet was redissolved with 0.01 M Tris-acetate buffer (pH 7.6) in a final volume of 7.0 ml. This solution was then desalted by passage through a Sephadex G-25 column (22 by 2.0 cm), equilibrated with 0.01 M Tris-acetate buffer (pH 7.6).
Step 4: The material from step 3 was placed on a diethylaminoethyl (DEAE) cellulose column (16 by 1.5 cm) equilibrated in 0.01 M Tris-acetate buffer (pH 7.6). After the column was loaded, it was washed with 10 ml of the same buffer. A linear NaCl gradient varying from 0 to 0.4 M was then carried out to elute the column. A total of 200 ml of salt solution was employed. The 5.0-ml samples in tubes 17 to 21 were combined and concentrated in an Amicon protein concentrator with a UM 10,000 membrane.
Step 5: The concentrated protein obtained in step 4 was added to a Sephadex G-100 column (25 by 2.0 cm) equilibrated with 0.1 M Tris-acetate buffer (pH 8.0). Samples of 2.5 ml were taken, and the tubes containing highest specific activity were examined.
RESULTS
Precursors of cell-free ,-CNA synthesis. Table  I Effect of growth medium on enzyme activities. If ,8-CNA synthesis is a physiologically significant reaction, one might expect an induction of this activity by the presence of cyanide in the growth medium. Table 2 shows this not to be the case. Cells grown on TSB in the presence of I mm cyanide actually show a somewhat lower specific activity for f,-CNA synthesis when compared with cells grown in TSB in the absence of cyanide.
If, as has been suggested previously (5), the synthesis of ,8-CNA in bacteria is catalyzed by enzymes that synthesize cysteine, one would expect induction and repression of ,B-CNA synthesis by inducers and repressors of cysteine synthesis. Table 2 shows that the sulfur source for B. megaterium grown in a synthetic medium does have a pronounced effect on the synthesis of Cells grown with L-cysteine, a repressor of OAS sulfhydrylase in S. typhimurium (7), yielded extracts with a relatively low capacity to synthesize cysteine from OAS and H2S. No ,8-CNA formation could be detected in these extracts. However, extracts of cells grown on sulfate or Ldjenkolic acid, inducers of OAS sulfhydrylase in S. typhimurium (7), as sulfur sources were increased eight-to ninefold in their ability to form cysteine. In addition, ,8-CNA synthesis could be observed in these extracts, and the same ratio of f,-CNA synthesis to cysteine synthesis was observed as with cells grown in TSB. If this same ratio were maintained in the cells grown on Lcysteine as sole sulfur source, the ,B-CNA formed would be below the sensitivity of the assay employed. Enzyme purification. If OAS sulfhydrylase is the enzyme responsible for ,8-CNA synthesis in these cell-free extracts, then one should not be able to separate these two activities on purification. The results of a purification procedure involving five steps is presented in Table 3 . These data show that, from step 2 on, the two enzymatic activities were purified about 30-fold and that the ratio (A/B) of the two activities remained approximately constant. Note that the total OAS sulfhydrylase increased approximately 20% from step I to step II. This was repeatedly observed during purification and is attributed to side reactions in the crude extract. Figure I shows that these two enzymatic activities co-chromatograph on DEAE cellulose at step 4 of the purification procedure. Figure 2 shows the co-chromatography of these activities on Sephadex G-100 at step 5 of the purification procedure. Co-chromatography of these activities on Sephadex G-100 with crude extracts is also seen. The molecular weight of the OAS sulfhydrylase from B. megaterium is about 60,000 to 70,000, as estimated by the elution values from Sephadex G-100. This agrees with values obtained by Becker-et al. (1) for OAS sulfhydrylase obtained from Salmonella typhimurium.
The ability of the most purified enzyme fraction to react with other amino acids was examined. No activity was observed when DL-homocysteine was substituted for cysteine in the ,B-CNA assay. Similarly, no activity was observed when O-acetyl-L-homoserine and O-succinyl-Lhomoserine were substituted for OAS in the cysteine assay.
DISCUSSION
The occurrence (6) in blue lupine of a mitochondrial enzyme, ,B-CNA synthase, which catalyzes the formation of ,3-CNA prompted a rein- 
